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Descripti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention concerns a cleaning 
agent for peeling a protecting deposition film to be used 
in a process for manufacturing a semiconductor device 
and a method of manufacturing a semiconductor 
device. 

2. Description of the Related Arts 

[0002] In the process for manufacturing a semicon- 
ductor device, an etching fabrication technology utilizing 
chemical reaction has been used as a method of form- 
ing a wiring structure on a semiconductor substrate by 
using a conductive material. 

[0003] Generally, a method of at first applying a 
mask fabrication technology by photoresist and then 
removing a non-masked portion by using a chemical or 
a reactive gas has been conducted. 
[0004] EP-A-0 496 229 teaches the use of wet- 
chemical etching solutions comprising hydrogen fluo- 
ride in combination with quaternary nitrogen com- 
pounds, one of the side chains of which consisting of 6 
to 18 carbon atoms. 

[0005] In recent semiconductor industries intending 
for high integration degree, fabrication for microscopic 
processing is required. In particular, a fabrication of 
metal film wirings has been demanded more and more 
and a fabrication technique aimed for accuracy of within 
0.5 iim has been demanded for semiconductor device 
at present. 

[0006] In order to attain the purpose, it is demanded 
to improve the fabrication accuracy of the photoresist 
and also improve the dry etching technique for removing 
the non-masked portion. Referring particularly to the 
photoresist, there are used not only conventional single- 
layer resist of positive or negative type but also multi- 
layer resist using a combination of such resist and other 
resin. 

[0007] Further, in the dry etching technique, aniso- 
tropic etching has been advanced with the establish- 
ment of a technique for side wall Protecting deposition 
films by using the photoresist and reactive gases, 
whereby more advanced selective etching has been 
carried out 

[0008] As a disadvantage accompanying the estab- 
lishment of such techniques, there are mentioned an 
extreme difficulty in the method of removing the side 
wall protective deposition films, and corrosion of metal 
wiring materials. If the side wall protecting deposition 
film has not been removed sufficiently, radicals r ions 
in the reaction gas incorporated into the side wall pro- 
tecting deposition film react with absorbed moisture to 
form an acid when left in the air after the completion of 



etching. The resurtant acid corrodes wiring materials to 
bring about a significant adverse effect such as an 
increase in resistance and wire disconnection. Such a 
phenomenon frequently occurs, in particular, in alumi- 
5 num and aluminum alloys used generally as the wiring 
material. 

[0009] For preventing such corrosion, there has 
been adopted a method wherein chlorine radicals or 
ions are washed away by performing uforapure-water 

io cleaning for a long period of time after dry etching. How- 
ever, it is extremely difficult to completely remove chlo- 
rine ions or radicals from the side wall protective 
deposition film by this method, so that a danger of caus- 
ing corrosion can not completely be eliminated. Accord- 

15 ingly, it is indispensable to completely remove the side 
wall protecting deposition film in order to thoroughly pre- 
vent the corrosion. 

[0010] For removing such a side wall protecting 
deposition film, a resist cleaning agent composed of an 
20 acidic organic solvent or of an alkaline organic solvent 
has been used. 

[0011] As the resist cleaning agent composed of 
the acidic organic solvent, there is generally used a 
cleaning agent prepared by adding a phenolic com- 

25 pound, chloro-solvent or an aromatic hydrocarbon to 
alkylbenzenesulfonic acid However, the use of this 
cleaning agent can not completely remove the side wall 
protecting deposition film even with a heat treatment at 
a temperature of 100°C or higher. Further, since the 

30 resist cleaning agent composed of the acidic organic 
solvent is less soluble in water, it is necessary to clean 
with an organic solvent compatible with water such as 
isopropanol after the removing operation and then wash 
with water, which however complicates the process. 

35 [001 2] On the other hand, it is also considerably dif- 
ficult to remove the side wall protecting deposition film 
by using the resist cleaning agent composed of the 
alkaline organic solvent even by heating to a tempera- 
ture of 100°C or higher as is the case with the acidic 

40 cleaning solution. As described above, since the side 
wall protecting deposition film cannot completely be 
removed by using either the acidic or alkaline cleaning 
agent, the occurrence of corrosion caused by residual 
chlorine radicals or ions is inevitable. 

45 [0013] As a method different from the cleaning 
method described above, there has been known a 
method of removing the residual resist after plasma 
ashing by using an alkaline aqueous solution such as a 
positive type resist developing solution containing 

50 tetramethylammonium hydroxide (Japanese Patent 
Application Laid-Open No. Sho 62(1 987)-281 332). In 
this method, however, a conductive layer made of an 
aluminum-containing substrate is violently corroded by 
the alkaline aqueous solution. 

55 [0014] EP-A-0 463 423 discloses a surface treating 
agent comprising an aqueous solution of a quaternary 
ammonium hydroxide. 

[0015] Further, for the protecting deposition film 
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formed upon dry etching of a titanium or tungsten layer, 
a method of removing the film has not yet been estab- 
lished. The titanium or tungsten layer is frequently used 
as metal wirings for an intermediate layer upon making 
a conductive layer into a multilayer structure in a semi- 
conductor device. 

[0016] If the resultant side wall protecting deposi- 
tion film is left as it is, adjacent wirings are brought into 
contact with the side wall protecting deposition film, for 
example, owing to the pressure of the deposition film in 
the succeeding step to cause short-circuit or abnormal- 
ity in wirings. 

[0017] As described above, while various methods 
have been employed in a production process of a semi- 
conductor device for removing the side wall protecting 
deposition film formed on the side walls of the conduc- 
tive layer or photoresist formed on the semiconductor 
substrate, there are such problems as the occurrence of 
corrosion. Thus, it has been required to develop a 
cleaning agent for a semiconductor device capable of 
easily removing the side wall protecting deposition film 
and preventing corrosion to the metal conductive layer 
upon cleaning. 

[0018] An object of the present invention is to over- 
come the foregoing problems and provide a cleaning 
agent for a semiconductor device capable of easily 
removing a side wall protecting deposition film formed 
by dry etching, and preventing corrosion to a conductive 
layer made of various kinds of metallic materials as the 
wiring material without causing any corrosion at all to 
any part, as well as a method of manufacturing a semi- 
conductor device capable of manufacturing circuit wir- 
ings with high accuracy. 

SU MMAR Y OF T HE INVENTION 

[001 9] As a result of an earnest study for solving the 
foregoing subject, the present inventors have found that 
a cleaning agent for peeling a protecting deposition film 
in a process to manufacture a semiconductor compris- 
ing an aqueous solution containing a quaternary ammo- 
nium salt and a fluoro-compound or an aqueous 
solution containing a quaternary ammonium salt, a 
fluoro-compound and an organic solvent selected from 
the group consisting of amides, lactones, nitriles. alco- 
hols and esters exhibits excellent characteristics includ- 
ing removability for a side wall protecting deposition film 
formed upondryetching, corrosion inhibition, non-corro- 
sivity to wiring materials and good workability. The 
present invention has been accomplished on the basis 
of the aforesaid finding. 

[0020] According to the present invention, there is 
provided a cleaning agent as defined in claim 1 and a 
method of cleaning as defined in claim 5. 
[0021 ] Specifically, the present invention provides a 
cleaning agent for a semiconductor device which com- 
prises a quaternary ammonium salt represented by the 
general formula: 



4 

[(R 1 ) 3 N-Rr • X- 

in which R represents an alkyl group of 1 to 4 carbon 
atoms or a hydroxyl-substituted alkyl group of 1 to 4 car- 

5 bon atoms, R 1 represents an alkyl group of 1 to 4 car- 
bon atoms and X represents an organic acid group or 
inorganic acid group; and a fluoro-compound. 
[0022] The present invention further provide a 
cleaning agent for a semiconductor device which com- 

10 prises the above-mentioned quaternary ammonium salt 
and at least one organic solvent selected from the group 
consisting of amides, lactones, nitriles, alcohols and 
esters; and the fluoro-compound. 
[0023] The present invention still further provides a 

15 method of manufacturing a semiconductor device by 
forming a mask with a photoresist on a conductive layer 
formed on a semiconductor substrate and containing at 
least one of titanium, tungsten, aluminum and an alumi- 
num alloy and then forming a wiring structure by dry 

20 etching which method comprises a cleaning step of 
peeling a protecting deposition film formed on side walls 
of the conductive layer and the photoresist by using a 
cleaning agent for a semiconductor device comprising a 
quaternary ammonium salt represented by the general 

25 formula: 

[(Ri) 3 N-R] + ' X- 

in which R represents an alkyl group of 1 to 4 carbon 
30 atoms or a hydroxy! substituted alkyl group of 1 to 4 car- 
bon atoms, Rt represents an alkyl group of 1 to 4 car- 
bon atoms and X represents an organic acid group or 
inorganic acid group; and a fluoro-compound. 



30 



35 PRIEF PESCPIP TIQN OF THE PRAWINGS 
[0024] 

Fig. 1 is a cross sectional view showing a structure 
40 of a semiconductor device immediately after form- 
ing the conductive layer in Example 1 . 
Fig. 2 is a cross sectional view showing a structure 
upon completion up as far as the mask forming step 
in Example 1 . 

45 Fig. 3 is a cross sectional view showing a structure 
after removing a region of a conductive layer in 
Example 1 not covered with a photo-mask (non- 
masked region) by means of dry etching. 
Fig. 4 is a cross sectional view showing a structure 

so after removing masking resist by ashing followed by 
cleaning with a organic solvent after dry etching in 
Example 1. 

Fig. 5 is a cross sectional view showing a structure 
after cleaning the semiconductor device shown in 
55 Fig. 4 by using the cleaning agent for th semicon- 
ductor device according to the present invention in 
Example 1 . 

Rg. 6 is a cross sectional view showing a structure 
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of a semiconductor device immediately after form- 
ing the conductive layer in Example 4. 
Fig. 7 is a cross sectional view showing a structure 
upon completing up as far as the mask forming step 
in Example 4. 

Fig. 8 is a cross sectional view showing a structure 
after removing a region of a conductive layer in 
Example 4 not covered with a photo-mask (non- 
masked region) by means of dry etching. 
Fig. 9 is a cross sectional view showing a structure 
after removing a masking resist by ashing followed 
by cleaning with an organic solvent after dry etching 
in Example 4. 

[0025] Fig. 10 is a cross sectional view showing a 
structure after cleaning the semiconductor device 
shown in Fig. 9 by using the cleaning agent for the sem- 
iconductor device according to the present invention in 
Example 4. 

[0026] In the figures, the reference signs are as fol- 
lows: 

1 CVD oxide layer 

2 TiW layer 

3 CVD-W layer 

4 Al-Si-Cu layer 

5 TiN layer 

6 PLASMA TEOS layer 

7 photoresist 

8 side wall protecting deposition film 

9 CVD oxide layer 

10 Ti layer 

11 TiN layer 

12 W (tungsten) layer 

13 photoresist 

14 side wall protecting deposition film 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0027] The quaternary ammonium salt used in the 
present invention is represented by the following for- 
mula: 

[(Ri) 3 N-Rr • X 

in which R represents an aJkyl group of 1 to 4 carbon 
atoms or a hydroxyl substituted alkyl group of 1 to 4 car- 
bon atoms, represents an alkyl group of 1 to 4 car- 
bon atoms and X represents an organic acid group or 
inorganic acid group. 

[0028] Examples of the quaternary ammonium salt 
represented by the foregoing general formula include 
tetramethylammonium formate, tetramethylammonium 
acetate, tetramethylammonium propionate, tetramethyl- 
ammonium butyrate, tetramethylammonium xalate, 
tetramethylammonium malonate, tetramethylammo- 
nium maleate. tetramethylammonium furr&rate. tetram- 
ethylammonium citraconate, tetramethylammonium 



benzoate, tetramethylammonium toluate, tetramethyl- 
ammonium phthalate. tetramethylammonium acrylate. 
trimethyl(2-hydroxyethyl)ammonium formate, trime- 
thyJ(2-hydroxyethyl)ammonium acetate, trimethyl(2- 

5 hydroxyethyOammonium benzoate, trimethyl(2-hydrox- 
yethyl)ammonium phthalate, tetraethylammonium for- 
mate, tetraethylammonium acetate, tetrapropyl- 
ammonium formate, tetrapropylammonium acetate, 
tetrabutylammonium formate, tetrabutylammonium ace- 

w tate, tetramethylammonium borate, tetramethylammo- 
nium phosphate, tetramethylammonium sulfate, 
trimethyl(2-hydroxyethyl)ammonium borate, trimethyl(2- 
hydroxyethyl)ammonium phosphate and trimethyl(2- 
hydroxyethyl)ammonium sulfate. 

is [0029] The concentration of the quaternary ammo- 
nium salt in the cleaning agent for the semiconductor 
device according to the present invention is within a 
range from 1 to 60%, preferably, 10 to 50% by weight. If 
the concentration of the quaternary ammonium salt is 

20 less than 1% by weight, violent corrosion undesirably 
occurs to the wiring material, whereas if it is more than 
60% by weight, the removing rate for the side wall pro- 
tecting deposition film is unfavorably lowered. 
[0030] As the fluoro-compound in the cleaning 

25 agent for the semiconductor device according to the 
present invention, a compound is selected from the 
group consisting of hydrofluoric acid, ammonium fluo- 
ride, ammonium hydrogen fluoride, ammonium borof lu- 
oride, tetramethylammonium fluoride and 

so tetramethylammonium hydrogen fluoride. 

[0031 ] The concentration of the fluoro-compound is 
from 0.1 to 10, preferably, 0.5 to 5% by weight. If the 
concentration of the fluoro-compound is less than 0.1% 
by weight, the removing rate for the side wall protecting 

35 deposition film is lowered, whereas violent corrosion 
occurs to the wiring material at a concentration higher 
than 10% by weight. 

[0032] As the organic solvent to be further added in 
the present invention, there are mentioned an amide 

40 such as dimethylformamide. dimethylacetamide, forma- 
mide and N-methylpyrrolidone, a lactone such as y- 
butyrolactone, a nitrile such as acetonitrile and benzoni- 
trile, an alcohol such as methanol, ethanol, isopropanol 
and ethylene glycol and an ester such as methyl ace- 

45 tate. ethyl acetate and methyl benzoate. 

[0033] The concentration of the organic solvent is 
from 1 to 60%. preferably, 20 to 55% by weight. If the 
concentration of the organic solvent is less than 1% by 
weight, violent corrosion occurs to the wiring material, 

so whereas the removing rate for the side wall protecting 
deposition film is lowered at a concentration higher than 
60% by weight. 

[0034] The temperature of the cleaning agent for 
the semiconductor device according to the present 
55 invention upon removing the side wall protecting depo- 
sition film is usually ordinary temperature, for example, 
18 to 25°C. If the removing rate for the side wall protect- 
ing deposition film is r markably tow. it is used being 
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heated, for example, to 25 to 60°C. Further, the cleaning 
temperature and the cleaning time are properly selected 
considering the state of the side wall protecting deposi- 
tion film and the kind of the wiring materials. 
[0035] Upon peeling of the side wall protecting dep- s 
osition film by cleaning, the peeling step is put into prac- 
tice by applying the cleaning agent according to the 
present invention to a conventional method in which the 
semiconductor substrate to be processed is subjected, 
for example, to dipping cleaning by batch-wise system 
or to spray cleaning for each substrate, followed by 
cleaning with purified water and drying to complete the 
objective peeling process. 

[0036] The cleaning agent for the semiconductor 
device according to the present invention is used in the 
process for manufacturing the semiconductor device for 
the purpose of removing a protecting deposition film 
formed on the side walls of the conductive layer and the 
photoresist when a wiring structure by dry etching is 
formed after forming a mask with the photoresist for the 
conductive layer formed on the semiconductor sub- 
strate with a positive or negative type single-layer pho- 
toresist or a multilayer photoresist. Since the protecting 
deposition film can be peeled highly reliably by using 
the above-mentioned cleaning agent, the surface of the 
conductive layer is decontaminated and cleaned, so 
that no corrosion occurs. 

[0037] Further, the cleaning agent for the semicon- 
ductor device according to the present invention is 
applicable also to the removal of the protecting deposi- 
tion film formed upon dry etching of a titanium or tung- 
sten layer which has heretofore been difficult to remove 
and thus making itself effectively usable in the manufac- 
ture of a semiconductor device or highly integrated cir- 
cuit of a multilayer structure. 

[0038] In addition, mention will be made of the fol- 
lowing advantages in using the cleaning agent for the 
semiconductor device according to the present inven- 
tion. 

(1) Protecting deposition film formed on the side 
walls of the conductive film and the photoresist 
which has heretofore been difficult to remove can 
certainly be peeled in a short period of time at 
about ordinary temperature. 

(2) An aluminum alloy or the like as a wiring mate- 
rial does not undergo etching in using the present 
cleaning agent. 

(3) Since water is usable for rinsing after using the 
present cleaning agent, the rinsing operation is 
extremely facilitated. 

[0039] In the following, the present invention will 
now be explained more specifically with reference to 
non-limitative examples along with comparative Exam- 
ples. 



Example 1 

[0040] When a mask was formed with a photoresist 
to a semiconductor device immediately after forming a 
conductive layer of a structure shown in Fig. 1 and a wir- 
ing structure was formed by dry etching, a side wall pro- 
tecting deposition film formed on the side walls of the 
conductive layer and the photoresist was cleaned. 
[0041] In the semiconductor device immediately 
after forming a conductive layer shown in Fig. 1 , there 
were successively formed, on a CVD oxide layer 1 as an 
intermediate insulation film, a TiW layer 2 as a first 
metal film layer; a CVD-W layer 3 as a second metal film 
layer; an Al-Si-Cu layer 4 as a third metal film layer; a 
TiN layer 5 as anti-reflection f ilm; and a PLASMA TEOS 
layer 6 as a chemical resistant protecting film. Each of 
the metal films has a thickness of 60 nm for the first 
metal film layer 2, 50 nm for the second metal film layer 
3, 500 nm for the third metal film layer 4, 20 nm for the 
TiN layer 5 as the upper film layer and 40 nm for the 
PLASMA TEOS film 6. The Al-Si-Cu layer 4 contained 
1% by wt% of Si and 0.5% by weight of Cu. 
[0042] Fig. 2 shows a structure upon completion up 
as far as a mask forming process. A positive type pho- 
toresist 7 was applied to the conductive layer shown in 
Fig. 1 and then exposed to form a resist mask portion. 
The photoresist 7 used therein was a multilayer resist 
composed mainly of a novolac resin. 
[0043] Fig. 3 shows a structure after removing a 
region of the conductive layer not covered with the 
photo-mask (nonmasked region) by means of dry etch- 
ing using a chloro-gas. Formation of the side wall pro- 
tecting deposition film 8 was already observed on the 
side of the patterned conductive layer. 
[0044] Fig. 4 shows a structure after removing the 
masking resist by ashing followed by cleaning with an 
organic solvent after dry etching. It was confirmed that 
removal of the side wall protecting deposition film 8 was 
difficult by this method. 

[0045] Fig. 5 shows the structure after cleaning the 
semiconductor device shown in Fig. 4 by using a clean- 
ing agent for the semiconductor device according to the 
present invention. A solution of ammonium fluo- 
ride/tetramethylammonium formate/dimethytforma- 
mide/water at 1/10/40/49(wt% ratio) was used as the 
cleaning agent for the semiconductor device and clean- 
ing was carried out at 23°C for 20 min, followed by water 
washing. 

[0046] It can be seen from Fig. 5 that the side wall 
protecting deposition film 8 in Fig. 4 is completely 
removed by using the cleaning agent for the semicon- 
ductor device according to the present invention, so that 
the surface of the patterned conductive layer is decon- 
taminated and cleaned. 

Example 2 
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[0047] The same semiconductor device as that in 
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Fig. 4 for Example 1 was cleaned by using a cleaning 
solution having a composition consisting of ammonium 
f luoride/letramethylammonium formate/water at 2/45/53 
(wt% ratio) at 23°C for 20 min and then washed with 
water. As a result, the side wall protecting deposition 5 
film was completely removed in the same manner as in 
Example 1 . so that the surface of the patterned conduc- 
tive layer was decontaminated and cleaned. 

Example 3 

[0048] The same semiconductor device as that in 
Fig. 4 for Example 1 was cleaned by using a cleaning 
solution having a composition consisting of tetramethyl- 
ammonium fluoride/tetramethylammonium ace- 
tate/dimethylacetoamide/water at 5/15/40/40 (wt% 
ratio) at 25°C for 30 min and then washed with water. As 
a result the side wall protecting deposition film was 
completely removed in same manner as in Example 1 , 
so that the surface of the patterned conductive layer 
was decontaminated and cleaned. 

Comparative Example 1 

[0049] The same semiconductor device as that in 
Fig. 4 for Example 1 was cleaned by using a commer- 
cially available cleaning solution (alkaline resist clean- 
ing solution) at 100°C for 10 min as the cleaning 
conditions. As a result, the side wall protecting deposi- 
tion film could not be removed. 

Comparative Example 2 

[0050] The same semiconductor device as that in 
Fig. 4 for Example 1 was cleaned by using a 1% by 
weight aqueous solution of ammonium fluoride at 23°C 
for 20 min. As a result, it was observed that although the 
side wall protecting deposition film could be removed, 
violent corrosion resulted in the Al-Si-Cu layer. 

Example 4 

[0051 ] When a mask was formed with a photoresist 
to a semiconductor device immediately after forming a 
conductive layer of a structure shown in Fig. 6 and wir- 
ing structure was formed by dry etching, side wall pro- 
tecting deposition film formed on the side walls of the 
conductive layer and the photoresist was cleaned. 
[0052] In the semiconductor device immediately 
after forming the conductive layer in Fig. 6, there were 
successively formed, on a CVD oxide film 9 as an inter- 
mediate insulation film, a Ti layer 10 as a first metal film 
layer; a TIN layer 1 1 as a second metal film layer; and a 
W (tungsten) layer 12 as a third metal film layer. 
[0053] The film thickness for each of the metal films 
was 30 to 50 nm for the first metal film layer 10. 50 to 70 
nm for the second metal film layer 1 1 and 300 nm for the 
third metal fQm layer 12. 
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[0054] Fig. 7 shows a structure upon completion up 
as far as mask forming step. A positive typ photoresist 

13 was applied to the conductive layer shown in Fig. 6 
and then exposed to form a resist mask portion. The 
photoresist 13 used therein was a multilayer resist com- 
posed mainly of a novolac resin. 

[0055] Fig. 8 shows a structure after removing a 
region of the conductive layer not covered with the 
photo-mask (nonmasked region) by means of dry etch- 
ing. Formation of the side wall protecting deposition film 

14 was already observed on the side of the patterned 
conductive layer. 

[0056] Fig. 9 shows the structure after removing the 
masking resist by ashing, after dry etching. It was con- 
firmed that although the removal was possible up as far 
as the resist but the removal of the side wall protecting 
deposition film 14 was difficult by this method. 
[0057] Fig. 10 shows a structure after cleaning the 
semiconductor device in Fig. 9 by using a cleaning 
agent for the semiconductor device according to the 
present invention. An aqueous solution of ammonium 
fluoride/tetramethylammonium formate/dimethyrforma- 
mide/water at 1/10/40/49 (wt% ratio) was used as the 
cleaning agent for the semiconductor device and clean- 
ing was carried out at 23°C for 20 min. followed by water 
washing and drying. It can be seen in Fig. 10 that the 
side wall protecting deposition film 14 is removed and 
the surface of the patterned conductive layer is decon- 
taminated and cleaned. 

Examples 

[0058] The same semiconductor device as that in 
Fig. 9 for Example 4 was cleaned by using a cleaning 
solution having a composition consisting of ammonium 
fluoride/tetramethylammonium formate/water at 2/45/53 
(wt% ratio) at 23 P C for 20 min and then washed with 
water. As a result, the side wall protecting deposition 
film 14 was completely removed in same manner as in 
Example 4. so that the surface of the patterned conduc- 
tive layer was decontaminated and cleaned. 

Example 6 

[0059] The same semiconductor device as that in 
Fig. 9 for Example 4 was cleaned by using a cleaning 
solution having a composition consisting of ammonium 
fluoride/trimethyl(2-hydroxyethyl)ammonium for- 
mate/dimethylformamide/water at 2/20/30/48 (wt% 
ratio) at 25°C for 20 min and then washed with water. As 
a result, the side wall protecting deposition film 14 was 
completely removed in same manner as in Example 4, 
so that the surface of the patterned conductive layer 
was decontaminated and cleaned. 

Comparative Example 3 

[0060] The same semiconductor device as that in 



EP 0 662 705 B1 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP0 662 705B1 



12 



Fig. 9 for Example 4 was cleaned by using a commer- 
cially available cleaning solution (alkaline resist clean- 
ing solution) at 100°C for 20 min as the cleaning 
conditions. As a result, the side wall protecting deposi- 
tion film 14 could not be removed. 

Comparative Example 4 

[0061] The same semiconductor device as that in 
Fig. 9 for Example 4 was cleaned by using a cleaning 
solution having a composition consisting of tetramethyl- 
ammonium formate/dimethylformamide/water at 
10/40/50 (wt% ratio) at 25°C for 30 min as the cleaning 
conditions, followed by water washing. As a result the 
side wall protecting deposition film 14 could not be 
removed. 

Claims 

1 . A cleaning agent for peeling a protecting deposition 
film in a process for manufacturing a semiconductor 
device which comprises a quaternary ammonium 
salt represented by the general formula: 



the concentration of said organic solvent in said 
cleaning agent is within the range of 20 to 55 % by 
weight. 

5 5. A method of manufacturing a semiconductor device 
by forming a mask with a photoresist on a conduc- 
tive layer formed on a semiconductor substrate and 
containing at least one of titanium, tungsten, and 
aluminum alloy and then forming a wiring structure 

10 by dry etching and removing the photoresist by ash- 
ing which method comprises a cleaning step of 
peeling a protecting deposition film formed on side 
walls of both the conductive layer and the photore- 
sist during the dry etching step by using a cleaning 

75 agent as defined in Claim 1 . 

6. The method according to Claim 5 wherein the 
cleaning agent further comprises 1 to 50 % by 
weight of at least one organic solvent selected from 
20 the group consisting of amides, lactones, nrtriles, 
alcohols and esters. 

Patentanspruche 



[(R^N-RJ* • X" 25 

in which R represents an alkyl group of 1 to 4 car- 
bon atoms or a hydraxyl-substituted alkyl group of 1 
to 4 carbon atoms, Ri represents an alkyl group of 
1 to 4 carbon atoms and X represents an organic 30 
acid group or inorganic acid group; and a fluoro- 
compound selected from the group consisting of 
hydrofluoric acid, ammonium fluoride, ammonium 
hydrogen fluoride, ammonium borof luoride. tetram- 
ethylammonium fluoride and tetramethylammonium 35 
hydrogen fluoride, wherein the concentration of 
said quaternary ammonium salt in said cleaning 
agent is within a range of 1 to 60 % by weight and 
wherein the concentration of said f luoro-compound 
in said cleaning agent is within a range of 0.1 to 10 <o 
% by weight. 

2. The cleaning agent according to Claim 1 which fur- 
ther comprises 1 to 60 % by weight of at least one 
organic solvent selected from the group consisting 45 
of amides, lactones, nitrites, alcohols and esters. 

3. The cleaning agent according to Claim 2 wherein 
the amide is selected from dimethytformamide. 
dimethylacetamide, formamide and N-methylpyrro- so 
lidone; the lactone is selected from y-butyrolactone; 

the nitrile is selected from acetonitrile and benzoni- 
trile; the alcohol is selected from methanol, ethanol. 
isopropanol and ethylene glycol; and the ester is 
selected from methyl acetate, ethyl acetate and 55 
methyl benzoate. 

4. The cleaning agent according to Claim 2 wherein 



1 . Reinigungsmittel zum Abziehen eines schutzenden 
AWagerungsfilms in einem Verfahren zur Herstel- 
lung einer HalWeiter-Anordnung, welches ein qua- 
ternfires Ammoniumsalz umfaBt, das durch die 
allgemeine Formel: 

[(Ri) 3 N-R] + • x 

dargestellt wird, wobei R eine Alkylgruppe mit 1 bis 
4 Kohlenstoffatomen oder eine Hydroxyl-substitu- 
ierte Alkylgruppe mit 1 bis 4 Kohlenstoffatomen 
darstellt, R 1 eine Alkylgruppe mit 1 bis 4 Kohlen- 
stoffatomen darstellt und X eine organische Sdure- 
gruppe oder anorganische Sduregruppe darstellt; 
und eine Ruorverbindung, ausgw&hlt aus der aus 
Fluorwasserstoffsdure, Ammoniumfluorid. Ammo- 
niumhydrogenfluorid, Ammoniumborofluorid, Tetra- 
methylammoniumfluorid und Tetramethyl- 
ammoniumhydrogenfluorid bestehenden Gruppe, 
wobei die Konzentration des quaternaren Salzes im 
Reinigungsmittel in einem Bereich von 1 bis 60 
Gew.-% liegt und wobei die Konzentration der Fluo- 
roverbindung im Reinigungsmittel in einem Bereich 
von 0.1 bis 10 Gew-% liegt. 

2. Reinigungsmittel nach Anspruch 1, welches dar- 
uber hinaus 1 bis 60 Gew.-% mindestens eines 
organischen LOsungsmrttels umfaBt, ausgewdlt aus 
der aus Amiden, Lactonen, Nrtrilen, Alkoholen und 
Estern bestehenden Gruppe. 

3. Reinigungsmittel nach Anspruch 2, wobei das Amid 
ausgewahlt wird aus Dimethylformamid, Dimethyla- 
cetamid, Formamid und N-Methylpyrrolidon; das 
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Lacton ausgewShlt wird aus y-Butyrolacton; das 
Nitril ausgewShlt wird aus Acetonitril und Benzoni- 
tril; der Alkohol ausgewahh wird aus Methanol. 
Ethanol, Isopropanol und Ethylenglykol; und der 
Ester ausgewahtt wird aus Methylacetat. Ethylace- 5 
tat und Methyibenzoat. 

4. Reinigungsmittel nach Anspruch 2, wobei die Kon- 
zentration des organischen LGsungsmittels im Rei- 
nigungsmittel im Bereich von 20 bis 55 Gew.-% 10 
liegt. 

5. Verfahren zur Herstellung einer Halbleiter-Anord- 
nung durch Bilden einer Maske mit einem Photore- 
sist auf einer leitenden Schicht. die auf einem 15 
Halbleiter-Substrat ausgebildet ist und mindestens 
eines von Titan, Wolfram und Aluminiumlegierung 
enthait, und dann Ausbilden einer Verdrahtungs- 
struktur durch Trockenatzen und Entfernen des 
Photoresists durch Veraschen, wobei das Verfah- 20 
ren einen Reinigungsachritt des Abziehens einer 
schutzenden Ablagerungsschicht, die auf den Sei- 
tenwanden sowohl der leitenden Schicht als auch 
des Photoresists ausgebildet ist, wdhrend des Trok- 
kenatzens durch Verwendung eines wie in 25 
Anspruch 1 definierten Reinigungsmittels umfaBt. 

6. Verfahren nach Anspruch 5, wobei das Reinigungs- 
mittel daruber hinaus 1 bis 50 Gew.-% mindestens 
eines LOsungsmittel umfaBt, ausgewahlt aus der 30 
aus Amiden, Lactonen, Nrtrilen. Alkoholen und 
Estern bestehenden Gruppe. 

Revendications 

35 

1. Agent de nettoyage pour enlever un film de depflt 
protecteur dans un procede de fabrication dun dis- 
posrtif semiconducteur qui comprend un sel 
d'ammonium quaternaire represente par la formule 
generate : ^ 

[(R^N-Rr-X* 

dans laquelle R represente un groupe alkyie com- 
portarrt 1 & 4 atomes de carbone ou un groupe alk- as 
yle a substituant hydroxyle comportant 1 a 4 
atomes de carbone, R 1 represente un groupe alk- 
yie comportant 1 a 4 atomes de carbone et X repre- 
sente un groupe acide organique ou un groupe 
acide inorganique ; et un compose fluorg choisi so 
dans le groupe comprenant I'acide fluorhydrique, le 
fluorure d'ammonium, I'hydrogenoflurorure 
d'ammonium, le borofluorure d'ammonium, le fluo- 
rure de tetramethylammonium et I'hydrogenofluo- 
rure de tetramethylammonium, dans lequel la ss 
concentration dudit sel d'ammonium quaternaire 
dans ledit agent de nettoyage se srtue dans linter- 
valle de 1 a 60 % en poids et dans lequel la concen- 
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tration dudit compose ftuore dans ledit agent de 
nettoyage s situedans I'intervallede 0,1 a 10 % en 
poids. 

2. Agent de nettoyage selon la revendication 1, qui 
comprend en outre 1 a 60 % en poids d'au moins 
un solvant organique choisi dans le groupe com- 
prenant des amides, des lactones, des nrtriles, des 
aicoois et des esters. 

3. Agent de nettoyage selon la revendication 2, dans 
lequel I'amide est choisi parmi le dimethyhforma- 
mide, le dimethylacetamide. le formamide et la N- 
methylpyrrolidone ; la lactone est choisie parmi la y- 
butyrolactone ; le nrtrile est choisi parmi I'acetoni- 
trile et le benzonitrile ; I'alcool est choisi parmi le 
methanol, lethanol, I'isopropanol et I'ethyleneglycol 
; et Tester est choisi parmi I'acetate de methyle, 
I'acetate d'ethyle et le benzoate de methyle. 

4. Agent de nettoyage selon la revendication 2, dans 
lequel la concentration dudit solvant organique 
dans ledit agent de nettoyage se situe dans I'inter- 
valle de 20 a 55 % en poids. 

5. Procede de fabrication d'un dispositif semiconduc- 
teur qui consiste a former un masque avec une 
photoreserve sur une couche conductance formee 
sur un substrat semiconducteur et contenant au 
moins un element parmi le titane, le tungstene et un 
alliage d'aluminium et ensuite a former une struc- 
ture de cablage par attaque a sec et a eliminer la 
photoreserve par incineration, lequel procede com- 
prend une etape de nettoyage d'enlevement d'un 
film de depdt protecteur forma sur les parois latera- 
les a la fois de la couche conductrice et de la pho- 
toreserve au cours de I'etape d'attaque a sec grace 
a ('utilisation d'un agent de nettoyage tel que defini 
dans la revendication 1. 

6. Procede selon la revendication 5, dans lequel 
I'agent de nettoyage comprend en outre 1 a 50 % 
en poids d'au moins un solvant organique choisi 
dans le groupe comprenant des amides, des lacto- 
nes, des nrtriles, des alcools et des esters. 
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